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Previewsthat is produced late in macronuclear
development. These DCL5-dependent
sRNAs are derived from internally elimi-
nated sequences (IESs) and they have
been named iesRNAs. Based on the
observation that iesRNAs do not contain
sequences from the flanking IES/MDS
junctions (these junctions can be de-
tected in the scnRNA class), this new
class of sRNA is produced from IESs after
their excision from the micronuclear chro-
mosomes. Given that the chromosomes
are amplified at this late stage in macro-
nuclear development, the authors sug-
gest a role for iesRNAs in genome
quality control, helping to ensure the
full removal of all IESs matching these
sequences from the amplified chromo-
somes late in the process of macro-
nuclear development.
This paper from Sandoval et al.
(2014) shows the beauty of combining
reverse genetics with high-throughput
sequencing to distinguish and identify a112 Developmental Cell 28, January 27, 2014new class of sRNAs. The discovery
of iesRNAs raises additional questions
about the mechanism of small RNA
biogenesis and the control of DNA elimi-
nation. How are eliminated IES DNA
sequences specifically transcribed to
provide precursors for DCL5? Are tran-
scriptsmade in both directions from these
excised DNA fragments or is an RNA-
dependent RNA polymerase responsible
for making the opposite strand? It is
clear from this new study that the small
Paramecia have a more complex and
dynamic system of small RNA regulation
of DNA elimination than was previously
thought. This study is a reminder that
even in a simple organism, the extent
and complexity of small RNA function is
not simple at all.REFERENCES
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In response to cellular stress, mitochondria remodel their structure by organelle division and fusion. In
this issue of Developmental Cell, Cooper et al. (2014) report that a nuclear protein, cyclin C, is recruited
from nuclei to mitochondria upon oxidative stress and promotes mitochondrial division and apoptosis of
the cell.Mitochondria form tubular structures in
many cell types (Sesaki et al., 2013).
This morphology dramatically changes
under a variety of physiological and path-
ological conditions—tubules become
elongated and connected or they become
fragmented (Figure 1). Three dynamin-
related GTPases are central components
that are involved in these dynamic pro-
cesses and are conserved from yeast
to humans. Dnm1p (yeast)/Drp1 (mam-
mals) mediates mitochondrial division,
whereas Fzo1p/mitofusin and Mgm1p/Opa1 mediate mitochondrial fusion. The
localization, abundance, and activity of
these GTPases are highly regulated to
control the morphological balance. Rela-
tive activation of mitochondrial division
over fusion results in fragmentation of
mitochondria, whereas a reversal results
in enlargement of mitochondria. The reor-
ganization of mitochondria morphology
plays active roles in facilitating cellular
processes including cell proliferation, dif-
ferentiation, cell death, and survival. High-
lighting the importance of the control ofmorphological balance in human health,
genetic and physiological alterations in
the division and fusion components
are associated with neurodegenerative
and neurodevelopmental disorders (Itoh
et al., 2013).
Mitochondrial fragmentation is often
associated with various types of damage
to cells or mitochondria (Figure 1) (Youle
and van der Bliek, 2012). When cells
undergo apoptosis and necroptosis in
response to different death stimuli, mito-
chondria become fragmented through
Figure 1. The Balance between Mitochondrial Division and Fusion
Mitochondria continuously divide and fuse at similar rates to maintain an
overall, steady-state morphology. In response to different stimuli, the balance
tips to fragmentation due to relative activation of division or interconnection
due to relative activation of fusion.
Developmental Cell
Previewsincreased recruitment of Drp1
to mitochondria. Drp1 can
facilitate the release of the
proapoptotic factor cyto-
chrome c from mitochondria
by mechanical scission of the
outer membrane or other re-
modeling mechanisms such
as hemifusion (Montessuit
et al., 2010). Abnormally small
mitochondria might affect
bioenergetics, possibly due
to alterations in the surface
area-to-volume ratio. Aber-
rant stimulation of mitochon-
drial division is also linked to
neuronal death in Alzheimer’s
disease in which Drp1 has
beenreported tobecomeacti-vated by S-nitrosylation, promoting mito-
chondrial division (Cho et al., 2009). When
mitochondria are damaged, mitophagy
eliminates the damaged organelles. During
mitophagy,mitochondrial division can lead
to efficient engulfment of mitochondria by
autophagosomes by reducing the organ-
elle size (Tanakaetal., 2010).Mitochondrial
division can also physically separate
damaged portions of the mitochondria
from the remaining healthy portions of the
mitochondria (Twig et al., 2008). This
degradation process likely protects cells
from toxic effects such as reactive oxygen
species thatareproducedbydysfunctional
mitochondria.
Yeast cells that are exposed to
oxidative stress undergo apoptosis.
Fragmentation of mitochondria facilitates
cell death, and its inhibition in knockout
strains lacking Dnm1p and its receptor
Fis1p delays the process. Reporting in
this issue of Developmental Cell, Cooper
et al. (2014) discovered an unexpected
role for a nuclear protein, cyclin C, in
oxidative stress-induced mitochondrial
fragmentation in yeast. Before this
work, cyclin C, which is a member of
the cyclin protein family, was shown to
bind to the cyclin-dependent kinase
Cdk8p and function as a transcription
factor by associating with RNA poly-
merase II, thus controlling different pro-
cesses including programed cell death.
Intriguingly, the work of Cooper et al.
(2014) revealed a role for cyclin C that
is independent of its known function in
transcription. When hydrogen peroxide
was added to the yeast cell culture,
cyclin C was transported out of thenucleus and formed foci on the surface
of mitochondria. As cyclin C undergoes
proteosomal degradation in the cytosol,
cyclin C was only transiently localized
to mitochondria. Despite its short life on
mitochondria, cyclin C performed an
important role in promoting mitochon-
drial division. The mitochondrial localiza-
tion of cyclin C puncta depended on
components of the division machinery,
Dnm1p and its adaptor receptor complex
(Mdv1p-Fis1p). In addition, cyclin C was
found to be colocalized to Dnm1p-
Mdv1p foci. Cyclin C strengthened
stress-induced association of Dnm1p
with Mdv1p and therefore stimulated
mitochondrial division. Supporting the
dual role of cyclin C as a proapoptotic
factor in gene expression and in mito-
chondrial division, yeast mutants lacking
cyclin C were more resistant to hydrogen
peroxide compared with fis1D mutants,
which were only defective in mitochon-
drial division. Remarkably, cytoplasmic
cyclin C was sufficient to stimulate mito-
chondrial division, as overexpression of
cyclin C or mutant cyclin C defective in
nuclear retention induced mitochondrial
fragmentation in the absence of oxidative
stress. Cyclin C, a potent division
inducer, appeared to be sequestered in
the nuclei waiting for stimuli. These fasci-
nating discoveries greatly advance our
understanding of the mechanisms under-
lying the regulation of mitochondrial
dynamics in cellular stress responses.
The findings of Cooper et al. (2014)
raise a number of important questions.
Clearly, deciphering how cyclin C stimu-
lates Dnm1p-Mdv1p interactions andDevelopmental Cell 28, January 27mitochondrial division will be
of great interest. Because cy-
clin C is subject to degrada-
tion in the cytosol, the cyclin
C-mediated mechanism
might be catalytic or stimulate
a positive-feedback mecha-
nism for mitochondrial divi-
sion. A variety of posttransla-
tional modifications have





cyclin C regulates cyclin-
dependent kinases, cyclin C
might direct phosphorylation
of division componentsthrough cytosolic protein kinases upon
association with Mdv1p. Cyclin C might
also initiate nucleation of Dnm1p as a
guanine nucleotide exchange factor and
stimulate its polymerization. This function
might be accomplished by relatively
small amounts of cyclin C. As Mdv1p
preferentially binds to a GTP-bound
form of Dnm1p, this activity could ac-
count for the stabilization of Dnm1p-
Mdv1p association (Lackner et al.,
2009). Another question is the conserva-
tion of the mitochondrial role of cyclin C
in higher organisms. As both cyclin C
and the mitochondrial division machinery
are evolutionarily well conserved from
yeast to humans, similar mechanisms
might operate in mammalian cells. How-
ever, mitochondrial recruitment of
mammalian Drp1 is different from yeast
Dnm1p: instead of using the two-compo-
nent system (Fis1p-Mdv1p) in yeast, min-
imum division machinery can be assem-
bled by Drp1 and one of its receptor
proteins such as Mff or MiD/MIEF, and
adaptor proteins like Mdv1p seem to be
unnecessary (Koirala et al., 2013). Future
studies of cyclin C will provide a new
level of understanding of the role of mito-
chondrial dynamics in mammals based
on the groundbreaking work by Cooper
et al. (2014) in the yeast system.REFERENCES
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In this issue ofDevelopmental Cell, Forster et al. (2014) show that the basal myoepithelial cell layer directs the
final maturation of the adjacent luminal cell sheet during pregnancy. Do all mammary epithelial cells both give
and take instructions from others to create the milk production machinery?Though some epithelial layers might look
homogeneous, no cell works autono-
mously—we know this frommyriad exam-
ples ranging from the development of fly
eyes to mouse limbs. However, the anal-
ysis of breast epithelial cell communities
is beginning to reveal the remarkable de-
gree of teamwork that enables mammary
morphogenesis. Breast tissues have
evolved relatively recently in evolutionary
time as the defining feature of mammals.
They respond to developmental cues
with growth and colonization of a subcu-
taneous fat pad, multiplying and differen-
tiating during pregnancy to enable the
assembly of milk secretions and milk
ejection on demand.
There are relatively simple design princi-
ples that could work effectively to perform
this task. For example, cells could be pre-
determined with an on-off functionality.
Instead, the mammalian breast comprises
a robustly interactive and functionally
heterogeneous team of cells, which is su-
premely adaptable to the local and sys-
temically defined environment. Included
in this population are cells that retain the
blueprint for breast development, such
that one single basal epithelial stem cell
implanted into a fat pad can divide toregenerate a balanced population
comprising one to two luminal cells per
basal cell (Shackleton et al., 2006), where
the progeny self-organize into bilayered
ductal units with spacing exact enough to
enable proliferation of lobuloalveolar units
and milk production. The ability of basal
epithelial cells to orchestrate this is
remarkable.
The molecular basis for the teamwork
and intercommunication abilities of breast
epithelial cells was implied many years
ago by the observation that key endocrine
factors such as estrogen work indirectly
to induce growth in breast tissues; the
epithelial cells that divide do not neces-
sarily express the estrogen receptor
(Clarke, 2003). Typically the sensory cells
(which express nuclear hormone recep-
tors) and the responder cells are not one
and the same (Brisken and O’Malley,
2010; Joshi et al., 2010). In breast cancer
tissues, these sensory and effector func-
tions are often combined; indeed, the
basis of this disease is likely to rely on
this gain of autonomy.
In this issue of Developmental Cell, a
study from Forster et al. (2014) uncovers
collaboration between the two principal
mammary epithelial cell types, basal andluminal cells. This study aimed to evaluate
the function of p63, a basal cell-specific
transcription factor, in the mammary
gland. This protein is a member of the
p53 superfamily. Indeed, it might be
more ancient than p53. Like p53, it is a
hub and a master regulator of cellular
growth and responses, specifically the
specification of epidermal appendages
and the growth and differentiation of basal
cell compartments of epithelial tissues.
p63 is the target for almost all known
posttranscriptional regulator mechanisms
(including splicing), and these modifica-
tions alter its function (Su et al., 2013),
making it difficult to predict the effect of
enhancing or inhibiting this molecule dur-
ing any given process.
Forster et al. (2014) now show that a
loss of function of p63 in basal cells
causes a failure in lactation. Given prior
studies on the role of p63 in differentia-
tion, intuitively, this phenotype might
arise from a failure of terminal differentia-
tion in the basal/myoepithelial commu-
nity. Thus, inadequate development of
the myogenic program that lends this
cell type its name and principal function
might lead to a failure of contraction,
and thus a lack of milk ejection upon
